This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 


0\ ° (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
17 May 2001 (17.05.2001) 



PCT 


(10) International Publication Number 

WO 01/34225 A2 


(51) International Patent Classification 7 : A61M 1/00 (74) Agents: WHEELOCK, Thomas et aL; Morrison & 

Foerster LLP, 755 Page Mill Road, Palo Alto, CA 94304- 


(21) International Application Number: PCT/US00/42006 

(22) International Filing Date: 

8 November 2000 (08.1 1.2000) 


(25) Filing Language: 

(26) Publication Language: 


English 
English 


(30) Priority Data: 
09/440,038 
09/531,190 


12 November 1999(12.11.1999) US 
21 March 2000 (21.03.2000) US 


(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier applications: 

US 09/440,038 (CIP) 

Hied on 12 November 1999 (12.1 1.1999) 

US 09/531,190 (CIP) 

Hied on 2 1 March 2000 (2 1 .03.2000) 

(71) Applicant (for all designated States except US): NEURON 
THERAPEUTICS, INC. [US/US]; 81 Great Valley Park- 
way, Great Valley Corporate Center, Malvern, PA 19355 
(US). 


1018 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ. CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES , FI, GB , GD, GE, GH, GM, HR, 
HU, ID, EU IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, U A, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional)-. ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, EE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— Without international search report and to be republished 
upon receipt of that report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


(72) Inventor; and 

(75) Inventor/Applicant (for US only): FRAZER, Glenn 
[US/US]; 51 1 Owen Road, Wynewood, >A ~ I90 g& J U S). 


< 


3 (54) TlUe: HYPERONCOnC ARTIFICIAL CEREBROSPINAL FLUID AND METHOD OF TREATING NEURAL TISSUE 
^ EDEMA THEREWITH 
r-S 

0(57) Abstract: Neural tissue edema is treated by circulating a hyperoncotic artificial cerebrospinal fluid in the cerebrospinal fluid 
pathway in the vicinity of edematous tissue to cause the edematous tissue to be dehydrated due to an oncotic gradient between 
^ the hypertonic artificial cerebrospinal fluid and intracellular fluid and withdrawing the fluid from the pathway after it has been so 
^ circulated. 


WO 01/34225 


PCTAJSOO/42006 


HYPERONCOTIC ARTIFICIAL CEREBROSPINAL FLUID AND 
METHOD OF TREATING NEURAL TISSUE EDEMA THEREWITH 


RELATED APPLICATIONS 
This is a continuation-in-part of U.S. Patent Application Sen No. 09/440,038, filed 
1 1/12/99, now pending. 

10 TECHNICAL FIELD 

This invention is in the field of neurosurgery. More particularly, it relates to 
hyperoncotic artificial cerebrospinal fluid and a method of treating neural tissue edema by 
circulating such fluid into contact with neural tissue via the cerebrospinal fluid pathway. 

BACKGROUND OF THE INVENTION 

15 The brain, spinal cord, and peripheral nerves are composed of neural tissue. 

However, only the brain and spinal cord are surrounded by cerebrospinal fluid (CSF). The 
most significant function of CSF is to cushion these organs against external traumatic 
forces applied to the head or body. Of similar importance is the contribution the 
cerebrospinal fluid pathway has made to the advancement of medical therapy by serving as 

20 a delivery system for drugs such as antibiotics, chemotherapy and anesthetic agents. 

Cerebral edema is defined as an increase in the extravascular tissue water content of 
the brain. See Hariri, R.J., Neurosurgery Clinics of North America, Oct. 1994, 5(4):687- 
706 and Williams, M.A. and Razumosky, A.Y., Current Opinions in Neurology, Dec. 1993, 
6(6):847-53. The main clinical significance of cerebral edema is raised intracranial 

25 pressure (ICP). Sustained and substantial elevation of ICP can cause brainstem herniation 
into the foramen magnum. Subsequent compression of the respiratory center in the 
brainstem leads to respiratory arrest and immediate death. Cerebral edema may be focal, as 
occurs in tumors, strokes, and abscesses or diffuse, as is often seen in hypoxic-ischemic 
injury (such as occurs from cardiorespiratory arrest and near drowning), and cranio- 

30 cerebral injuries. Cerebral edema can be diagnosed symptomatically in most instances, or 
by computed tomography (CT) brain scans which show hypodense areas of edema, small 
ventricles, obliteration of basal cisterns, and midline shift. Methods for monitoring ICP are 
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also known. See Cordoba, J. and Blei, A.T., Liver Transplantation and Surgery, 1995 
May, 1(3): 187-94. 

Once significant intracranial hypertension is identified, therapy must be prompt to 
prevent secondary cerebral ischemia. Treatments that have been used previously to treat 
elevated ICP include: hyperventilation; fluid restriction; osmotic diuresis; removal of 
cerebrospinal fluid; blood pressure control; and drug therapy (e.g., corticosteroids and 
barbiturates). In general, these therapeutic efforts are directed to: (1) control or 
manipulation of hydrostatic influences on the cerebrovascular system; (2) maintenance of 
the cerebrovascular permeability barrier, or (3) control or manipulation of osmotic and 
oncotic influences on transvascular fluid flux. However, these treatment modalities have 
not proved to be consistently effective and often create further metabolic and other 
systemic physiological problems. 

Similar to cerebral edema, spinal cord edema results from increased fluid in the 
spinal tissue extravascular space. Spinal cord edema is a significant problem because it 
leads to spinal ischemia which can cause or potentiate a neurological deficit. Spinal cord 
edema may result from distortional forces or extrinsic compression. Distortional forces 
include traumatic flexion, extension, or rotation which shears neural and vascular elements. 
Extrinsic compression may be secondary to bony fragments (displaced fractures), 
hematoma, or tumor. 

The spinal cord exists in a closed space environment where there is minimal room 
to expand. The cord is enclosed within the bony spine but is also directly covered by a 
relatively inelastic pial membrane. Due to this closed space environment, expansion of 
spinal cord tissue secondary to edema compresses spinal vessels. This limitation in blood 
flow causes the cord to become ischemic (secondary ischemia), initiating a cascade of 
events that creates more tissue edema (Fig. 1). Cerebral edema secondary to an ischemic 
episode or trauma is also affected by this process. Spinal cord edema can be diagnosed by 
clinical signs and symptoms and identified on magnetic resonance imaging (MRI) scans as 
high signal areas on Tl- and T2- weighted images. 

Many drugs have been investigated for the treatment of spinal cord injury, but 
results have been disappointing and their effect on spinal cord edema has not been widely 
studied. For example, methylprednisolone, a corticosteroid, has been advocated to improve 
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functional (motor) recovery in traumatic spinal cord injury. However, after long-term 
follow-up, these clinical improvements are minimal, and patients are not found to 
significantly benefit from treatment when compared to control subjects. Morbid side 
effects such as GI bleeding and increased rates of wound infection have also been 
demonstrated in some studies. 

The present invention concerns using oncotic influences variously to treat cerebral 
and spinal cord edema. Our artificial cerebrospinal fluid is used to counteract edema of any 
etiology and breaks the cycle of increasing neural tissue ischemia and edema. In the case 
of spinal cord edema, this treatment affords a wider therapeutic window. 

Oncotic pressure is a manifestation of the difference in the colloid concentrations in 
fluids separated by a biological membrane. In the cerebral vasculature, the capillary walls 
act as a barrier between the plasma and interstitial fluid. The plasma contains significant 
amounts of proteins and other colloids that are too large to pass through the walls. The 
colloid osmotic pressure due to the presence of the colloids in the plasma (and relative lack 
thereof in extravascular fluid) is called the oncotic pressure and typically measures about 
17-25 mm Hg. Oncotic pressure is one of the mechanisms the body uses to control fluid 
exchanges across biological membranes such as the capillary wall. Fluid is transported to 
the region of higher colloid concentration. Thus, in the brain and spinal cord, water is 
normally drawn into the capillaries from the surrounding interstitial fluid and tissue. 

The effects of bolus infusions of hyperoncotic-hypertonic saline solution into the 
cerebral vasculature on ICP are reviewed by Hariri, R.J., supra. Such solutions (typically 
containing dextran as the oncotic agent) are reported to have reduced ICP in a rabbit model 
of cryogenic brain injury. In corresponding tests on human patients with severe head 
injury, the survival rates of patients in the group receiving hyperoncotic-hypertonic saline 
solution were greater than that for the control group. The investigators speculated that 
dehydration of brain tissue by the infused solution attenuated increased ICP. 

Introduction of artificial cerebrospinal fluids in the CSF pathway to treat hypoxic 
and ischemic disorders in neurological tissue is known. For instance, U.S. Patent Nos. 
4,840,617; 4,686,085; 4,393,863; 4,378,797 and 4,981,691 describe using oxygenated 
aqueous emulsions of fluorocarbons containing electrolytes and nutrients in such a manner. 
U.S. Patent No. 4,981,691 describes such an emulsion containing 1.8% by weight albumin 
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(an oncotic agent). These patents do not, however, suggest circulating such fluids through 
the cerebrospinal fluid pathway to treat neural tissue edema. 

Thus, as described above, osmotic-oncotic influences on neural tissue edema are 
well understood. Currently, no method has been devised for treating spinal cord edema. 
Further, various techniques, including the injection of hyperoncotic fluids into the cerebral 
vasculature, have been proposed for treating cerebral edema. Notwithstanding these prior 
techniques, new procedures for treating neural tissue edema are needed. 

SUMMARY OF THE INVENTION 
One aspect of the invention is a method for treating neural tissue edema, whether in 
intracranial or spinal disease, in a patient comprising: 

a) introducing an artificial cerebrospinal fluid into the cerebrospinal fluid pathway 
at a first site; and 

b) withdrawing the fluid from the cerebrospinal fluid pathway at a second site 
selected to create circulation of said fluid in the vicinity of edematous neural tissue, 

said fluid containing a sufficient amount of an oncotic agent to cause the edematous 
neural tissue to be at least partially dehydrated, 

Another aspect of the invention is an artificial cerebrospinal fluid for treating neural 
tissue edema, said fluid containing a sufficient amount of an oncotic agent to cause 
dehydration of edematous neural tissue contacted by the fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the futile cycle of edema and secondary ischemia 
that can develop in neural tissue after injury. 

Figure 2 is a lateral view of the cerebrospinal fluid pathway. 
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Figure 3 is a coronal section of the superior frontal lobes of the brain showing the 
cerebrospinal fluid space and meninges. 

Figure 4 is a transverse section of the vertebral column showing a superior view of 
the spinal cord and meninges. 

5 Figure 5 shows sites of catheter placement for infusion or withdrawal of 

hyperoncotic cerebrospinal fluid. 

Figure 6 shows spinal infusion and drainage catheters surrounding an area of spinal 
cord edema. 


10 MODES FOR CARRYING OUT THE INVENTION 

The compositions and methods of the invention may be used to treat mammalian 
patients (e.g., sport or pet mammals such as dogs, cats and horses, and humans) who are 
experiencing neural tissue edema. The edema may be focal or diffuse. The cause of the 
edema is not important to the invention. In most instances, the edema will result from 

15 traumatic head or spine injury, tumors, abscesses, strokes, cardiac arrest, near drowning, or 
fulminant hepatic failure. 

Avoidance of neural tissue edema is beneficial because it decreases secondary 
ischemia, which in turn prevents additional neural tissue injury and edema formation as 
illustrated in Fig. 1 . Neural tissue injury caused by a primary ischemic event (stroke, 

20 cardiac arrest, near drowning), abcess, tumor, etc., will induce inflammatory cells to release 
cytotoxins and inflammatory mediators. Cytotoxins destroy living tissue (tissue necrosis). 
Inflammatory mediators enhance capillary wall permeability, thereby increasing neural 
tissue edema by increasing fluid flux into the extravascular space. Neural tissue edema 
(swelling of neural tissue) then compresses the vasculature supplying the tissue with 

25 oxygen, resulting in secondary ischemia. Secondary ischemia creates more neural tissue 
injury which stimulates the inflammatory response and the futile cycle of edema and 
secondary ischemia. Circulation of hyperoncotic CSF near areas of neural tissue edema 
would minimize edema formation by preventing fluid flux into the extravascular space. In 
Fig. 1, prevention of edema formation is clearly demonstrated (101). 
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Cerebral edema may be diagnosed or monitored directly by clinical observation or 
CT brain scan or indirectly by intracranial pressure measurements. Both non-invasive and 
invasive intracranial pressure measuring techniques are available. Invasive techniques 
typically involve placing an intracranial pressure transducer epidurally, subdurally, or 
5 intraparenchymally. In general, ICPs of less than 10 mm Hg are considered normal, with 
ICPs up to 1 5 mm Hg considered tolerable in humans. ICPs between 16 and 20 mm Hg 
lasting greater than thirty minutes should be treated promptly. Sustained elevation of ICP 
above 20 mm Hg can cause cerebral damage. Similarly, ICP elevation of any magnitude 
associated with pupillary dilatation and bradycardia typically requires urgent therapy. 

10 Cerebral edema with elevated ICP and spinal cord edema associated with a focal 

neurologic deficit are treated according to the present invention with a hyperoncotic 
artificial cerebrospinal fluid. This fluid is comprised of components which, to the extent 
possible while maintaining its ability to induce fluid transport from neurological tissue, 
approach many of the physical and chemical characteristics of natural cerebrospinal fluid. 

15 Accordingly, the fluid preferably contains amounts of sodium, potassium, magnesium, 
calcium, chloride and bicarbonate ions in amounts approximating those in natural 
cerebrospinal fluid (see Table 1). Similarly, the fluid may contain amino acids, amino acid 
precursors, glucose and other moieties normally found in natural cerebrospinal fluid. 
Hyperoncocity is achieved by the presence of one or more oncotic agents in amounts 

20 suitable for removing water from the edematous tissue of concern. Examples of oncotic 

agents are the proteins naturally found in plasma (e.g. the albumin, globulin, and fibrinogen 
fractions), mixtures of such proteins derived from human blood plasma (commonly called 
plasma protein fraction), plasma extenders such as the dextrans (glucose polymers of 
preferably 40,000 to about 80,000 average molecular weight) and starch 2-hydroxyethyl 

25 ether (sold as Hespan by DuPont), dextrins (cyclodextrin), carboxymethyl cellulose, 
polyethylene glycol, glycogen, and pluronic acid. 

The oncotic agent(s) will normally be present in the fluid in amounts sufficient to 
provide an oncotic pressure in the range of about 3 to 25 mm Hg., preferably 6 to 17 mm 
Hg. The oncotic agent(s) may be present in amounts ranging between 1.75% to 10% w/w, 
30 preferably about 2% to 8% w/w, depending, of course, upon the oncotic agent chosen. 
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Table 1 shows a set of ranges of the components in a typical artificial cerebrospinal 
fluid made without a specific oxygen-carrying component of the type discussed below. 

Table 1. Composition of non-oxygen carrying artificial CSF 


COMPONENT 

AMOUNT PER 
DOSE 

Oncotic Agent 

200 -450 mg/L 

Na T 

135-145 mEq/L 

NaHC0 3 , 

20-25 mEq/L 

Phosphorous 

1.2-2.0 mg/L 

IC 

2.7-3.9 mEq/L 

Mg~ 

2.0-2.5 mEq/L 

Ca" 

2.0-3.0 mEq/L 

cr 

115-125 mEq/L 

Glucose 

100-200 mg/L 


5 

The fluid may also optionally contain one or more non-aqueous oxygen transfer 
compounds which are capable of selectively combining with oxygen and transferring the 
oxygen to neural tissue (see Table 2). Preferred oxygen transfer compounds are silicone 
polymers and fluorocarbon polymers, preferably perfluorocarbon polymers. Most 

10 preferably, bis-perfluorobutyl ethylene. The use of such oxygen transfer compounds in 

artificial cerebrospinal fluid is described in U.S. Pat. No. 4,981,691, which is incorporated 
by reference herein. When a nonaqueous oxygen transfer compound is included in the 
fluid, a suitable suspending/emulsifying agent may be added to facilitate dispersion of the 
oxygen transfer compound in the fluid and form an oxygenated aqueous emulsion of, e.g., a 

15 fluorocarbon. The inclusion of oxygen transfer compounds in the fluid is particularly 

desirable when it is necessary to treat hypoxic-ischemic conditions in the tissue as well as 
edema. See Bell, R.D. et al.: A Novel Treatment for Ischemic Intracranial Hypertension in 
Cats, Stroke 22(l):80-83, 1991. 
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Table 2. Composition of oxygenated artificial CSF 


COMPONENT 

AMOUNT PER 
DOSE 

Oxygen Carrying Component 

5-20% v/v 

Oncotic Agent 

200 -450 mg/L 

Na T 

135 -145 mEq/L 

NaHCOj, 

20-25 mEq/L 

Phosphorous 

1.2-2.0 mg/L 

K7 

2.7-3.9 mEq/L 

Mg" 

2.0-2.5 mEq/L 

Ca~ 

2.0-3.0 mEq/L 

cr 

115-125 mEq/L 

Glucose 

100-200 mg/L 


5 

A comprehensive review of oxygen transfer compounds undergoing investigation 
has recently been detailed. See Winslow, R.M.: New transfusion strategies: Red cell 
substitutes, Annual Review of Medicine 50:337-353, 1999. 

In addition to perfluorocarbon-based products, cell-free hemoglobin and liposome 
10 encapsulated hemoglobin are also artificial oxygen carriers. Hemoglobin is a four-subunit 
protein that is the naturally occurring oxygen carrier in red blood cells. Cell-free 
hemoglobin rapidly dissociates in the bloodstream, so artificial hemoglobins are chemically 
modified to prevent breadown. Artificial hemoglobins can be the product of surface 
modification, crosslinkage, or polymerization. The production and use of cell-free 
15 hemoglobin is detailed in U.S. Pat. Nos. 5,438,041; 5,770,727; 5,952,470; 5,691,453; 
5,618,919; 5,599,907; 5,739,01 1; 5,563,254; 5,449,759; 5,128, 452; 5,827,693, and 
5,312,808 which are incorporated by reference. Hemoglobin can also be prevented from 
degradation by encapsulation within a protective barrier. Such is the case with liposome 
encapsulated hemoglobin, the production and use of which is presented in U.S. Pat. Nos. 
20 5,049,391; 4,133,874; 4,776,991; 4,425,334, and 4,532,130. However, these oxygen 

transfer compounds are currently not components of an artificial cerebrospinal fluid, are 
not circulated in the cerebrospinal fluid space, and are not being used to decrease neural 
tissue edema. They are used to expand intravascular volume and deliver oxygen to tissues 
systemically in hypovolemic situations, as can occur during surgery, trauma, and septic 
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shock. Artificial hyperoncotic CSF may contain one or more artificial hemoglobin 
compounds to deliver oxygen to edematous and/or ischemic neural tissue by circulation 
through the CSF pathway. 

It is desirable to maintain the pH of the fluid at approximately that of natural 
5 cerebrospinal fluid (i.e., approximately 7.2 to 7.4). pH may be controlled by manipulating 
the amount of an ionic buffer such as dihydrogen phosphate, hydrogen phosphate, or 
bicarbonate in the fluid and/or the partial pressure of carbon dioxide. The temperature of 
the fluid will typically be at or below physiological temperature (i.e., about 37°C in 
humans). It may be desirable to introduce the fluid at subphysiological temperatures (e.g., 
10 3 to 36°C) to induce hypothermic conditions in the tissue to reduce both edema and the 
effects of ischemia. 

Figure 2 shows the relationship of the brain (100) and spinal cord (102) to the 
pathway of cerebrospinal fluid flow. CSF is produced by the choroid plexus in the lateral 
(104a), 3rd (106a), and 4th (108a) ventricles at a rate of 500-750 ml/day. From the lateral 
15 ventricle (104), CSF travels through the 3rd ventricle (106) and 4th ventricle (108) to exit 
the foramen of Luschka (110) and foramen of Magendie (112) into the CSF space 
surrounding the brain (114) and spinal cord (116). 

The brain is enclosed within three membranes (meninges) which are shown in a 
coronal section of the superior frontal lobes in Figure 3. Directly covering the brain (200) 
20 is the pia mater (202). The arachnoid (204) lies above the pia mater (202). Between the 

pia mater (202) and arachnoid (204) is the subarachoid space (206). CSF flows through the 
subarachnoid space (206). The dura mater (208) is a tough membrane that is located 
beneath the skull (210). 

Figure 4 shows the spinal cord (300) to be enclosed within the same pia mater 
25 (302), arachnoid (304), and dura mater (306). The spinal subarachnoid space (308) directly 
communicates with the cerebral subarachnoid space (114). In accordance with the method 
in this invention, the hyperoncotic synthetic cerebrospinal fluid is circulated through the 
cerebrospinal fluid pathway by injecting it at a first point in the CSF pathway and 
withdrawing it from the pathway at a second point that is selected to create circulation of 
30 the fluid in the vicinity of the neural tissue to be dehydrated. By "dehydrate", we mean at 
least partial dehydration. 
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Figure 5 shows desirable sites of catheter placement for infusion or 
withdrawal of hyperoncotic artificial CSF. In the case of focal edema, it may be desirable 
to position the first and second points so that the fluid circulation is substantially localized 
in the vicinity of the edematous tissue. For instance, the fluid may be injected into the 
subarachnoid space at a first location and withdrawn from the subarachnoid space at a 
second location. For diffuse edema, the points are selected so that the fluid circulates in the 
vicinity of a significant portion of the neural tissue. For instance, the fluid may be injected 
into any intracranial CSF space such as the lateral ventricle (400), cerebral subarachnoid 
space (402), and cisterna magna (404) or spinal subarachnoid space (406) and withdrawn 
from the cisterna magna (404) or the spinal subarachnoid space (406). 

If isolated spinal cord edema is present, hyperoncotic cerebrospinal fluid circulation 
may be organized as depicted in Figure 6. Figure 6 shows two examples of hyperoncotic 
CSF circulation near an area of spinal cord edema (500). The pathway in one example uses 
an infusion catheter (502) that is placed proximal to the edematous tissue from the thoracic 
or thoracolumbar subarachnoid space as a first point, and drainage catheter (504) distal to 
the edema placed from the lumbar subarachnoid space as the second point. The infusion 
catheter (506) and drainage catheter (504) can also be threaded from lumbar spinous 
interspaces. Thus, first and second points may originate from the lumbar subarachnoid 
space. In all situations, due to the oncotic gradient between the hypertonic artificial 
cerebrospinal fluid and the interstitial fluid, water is drawn from the interstitial space of 
neural tissue into the cerebrospinal fluid pathway, thus dehydrating the tissue and reducing 
ICP. 

The fluid may be circulated in a continuous, semi-continuous, intermittent, or 
pulsating manner. The flow rate of the hyperoncotic fluid will typically be in the range of 
about 1 to 100 ml/min, more usually 10 to 70 ml/min, with the actual flow desirably being 
titrated to maintain physiologic pressure in the intrathecal space. Circulation is typically 
continued until sufficient water has been removed from the tissue to correct the spinal cord 
edema or restore ICP to acceptable levels. The efficacy of the treatment may be monitored 
by monitoring ICP as described above or detecting improvement in neurologic deficits or 
edema on MRI. 
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The circulated fluid may be discarded or recirculated. If recirculated, appropriate 
measurements can be made to ensure that the withdrawn fluid remains biocompatible and 
efficacious and, if lacking in either respect, treated so that it meets standards before 
reintroducing it to the cerebrospinal fluid pathway. If recirculated, it may be treated to 
5 maintain or even to increase the oncotic pressure within the circulating fluid, by e.g., 
removing at least a portion of the water present by ultrafiltration or dialysis. 

The following examples further illustrate the invention. The examples are not 
intended to limit the invention in any manner. 

10 EXAMPLE 1 

This Example shows the effect of subarachnoid perfusion with artificial 
cerebrospinal fluid (ACSF) both with and without albumin as an oncotic agent, on cerebral 
edema following cold injury. 

Cerebral edema was induced in twenty anesthetized cats by the 60-second 
15 application of the end of a 0.88 cm 2 stainless-steel rod which had been cooled to the 

temperature of liquid nitrogen. Following injury, the animals were randomly assigned to 
either no treatment (n=6), or four hours of ventriculo-cisternal perfusion with ACSF, with 
albumin (n=6) or without albumin (n=8). The composition of the albumin-containing 
ACSF used in this Example is shown in Table 3. 

20 Table 3. Composition of Albumin-containing ACSF 


^ Component 

Amount, mL | 

NaCl, 0.9% 

385.0 

NaHC0 3 , 1 meq/mL 

7.2 

KC1, 2 meq/mL 

0.6 

CaCl 2 , 1.36 meq/mL 

0.9 

MgS0 4 , 4.06 meq/mL 

0.3 

Dextrose, 10% 

4 

Sterile Water for Injection 

54.5 

Albumin, 25% 

17.5 


. The animals were sacrificed at 24 hours. Cerebral edema was indirectly assessed by 
tissue specific gravity determination at six bilateral sites. The injury model produced a 
25 significant difference in tissue specific gravity between the injured and the non-injured 
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hemispheres at three sites in cortex and white matter adjacent to the injury and in the white 
matter immediately anterior to the injury site. Both treatments reduced the difference in 
specific gravity between the hemispheres as compared to control at these sites, but only in 
the albumin containing group was the effect significant (p<0.05, ANOVA with repeated 
5 measures). 


Group 

Difference in Specific Gravity 


Ad jacent Cortex 

Adjacent White Matter 

Anterior White Matter 

Control 

0.00639 

0.00869 

0.00614 

S.D. 

0.00170 

0.00113 

0.00131 

ACSF + Albumin 

0.00418 

0.00669 

0.00405 

S.D. 

0.00170 

0.00113 

0.00131 


In addition to the specific gravity determination after 24 hours, two volumetric MRI 
data acquisitions were performed at 12 hours, folio wing injury to obtain relative Tl- and 
10 T2-weighted images to determine the volume of edematous tissue using segmental analysis. 
The data obtained was consistent with the specific gravity data. Reductions in edematous 
tissue volume were seen in the animals that received the albumin-containing ACSF. 

It is clear that subarachnoid perfusion decreased tissue edema which could be 
secondary to enhanced clearance of mediators of edema (excitotoxins, cytokines, 
1 5 extravasated serum proteins). 


EXAMPLE 2 

The ACSF may also contain an oxygenated aqueous emulsion of a fluorocarbon and 
nutrients. The composition of the ACSF may be prepared according to the method of U.S. 
20 Pat. No. 4,98 1 ,691 . The composition is shown in Table 4. 
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Table 4. Composition of Oxygenated Fluorocarbon-containing ACSF 


Com nnnenf 

Amount per 
Liter 

Bis-perfluorobutylethylene (F44E) 

151.370 g 

Lecithin 

10.500 g 

NaCl 

6.674 g 

KCi 

0.199 g 

CaClz- 2 H 2 0 

0.198 g 

NaHC0 3 

L359 g 

MgCl 2 -6H 2 0 

0.037 g 

MgS0 4 -7H 2 0 

0.288 g 

NaHP0 4 - 7 H 2 0 

0.200 g 

Glucose 

0.900 g 

Albumin 

18.0g 

Glycine 

0.8 mg 

L-lysine HC1 

3.7 mg 

L-tryptophan 

2.0 mg 

L-alanine 

2.3 mg 

L-serine 

2.6 mg 

L- threonine 

3.0 mg 

L-arginine 

3.5 mg 

L-leucine 

2.6 mg 

L- valine 

2.3 mg 

L-phenylalanine 

3.3 mg 

L-tyrosine 

3.6 mg 

L-histidine 

3.1 mg 

L-methionine 

15 mg 

L-isoleucine 

2.6 mg 

cc-ketoglutaric acid 

7.3 mg 

Sterile Water for Injection 

QS to 1000 mL 
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CLAIMS 

1 . A method of treating neural tissue edema in a patient comprising: 

a) introducing a synthetic cerebrospinal fluid into the cerebrospinal 
fluid pathway of the patient at a first point in the pathway; and 

5 b) withdrawing the fluid from the pathway at a second point in the 

pathway selected to create circulation of the fluid in the vicinity of edematous tissue, 

said fluid containing a sufficient amount of an oncotic agent to cause 
the edematous tissue to be dehydrated. 

2. The method of claim 1 where said neural tissue comprises brain tissue. 

10 3. The method of claim 1 where said neural tissue comprises spinal cord tissue. 

4. The method of claim 1 wherein the first point is in the intracranial 
cerebrospinal fluid space and the second point is in the cisterna magna. 

5. The method of claim 4 wherein said intracranial cerebrospinal fluid space 
comprises the lateral ventricles. 

15 6. The method of claim 4 wherein said intracranial cerebrospinal fluid space 

comprises the cerebral subarachnoid space. 

7. The method of claim 1 wherein the first point is in the intracranial 
cerebrospinal fluid space and the second point is in the spinal subarachnoid space. 

8. The method of claim 7 wherein said intracranial cerebrospinal fluid space 
20 comprises the lateral ventricles. 

9. The method of claim 7 wherein said intracranial cerebrospinal fluid space 
comprises the cerebral subarachnoid space. 

1 0. The method of claim 7 wherein said intracranial cerebrospinal fluid space 
comprises the cisterna magna. 
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1 1 . The method of claim 7 wherein said spinal subarachnoid space comprises 
the thoracic subarachnoid space. 

12. The method of claim 7 wherein said spinal subarachnoid space comprises 
the lumbar subarachnoid space. 

5 13. The method of claim 1 wherein the first point is in the spinal subarachnoid 

space and the second point is in the spinal subarachnoid space. 

14. The method of claim 13 wherein said spinal subarachnoid space comprises 
the thoracic subarachnoid space. 

15. The method of claim 13 wherein said spinal subarachnoid space comprises 
10 the lumbar subarachnoid space. 

16. The method of claim 3 wherein said spinal cord tissue is edematous and 
isolated, the first point is in the thoracic subarachnoid space and the second point is in the 
lumbar subarachnoid space. 

1 7. The method of claim 3 wherein said spinal cord tissue is edematous and 
15 isolated, the first and second points are in the lumbar subarachnoid space. 

1 8. The method of claim 1 wherein the circulation is substantially continuous. 

19. The method of claim 1 wherein the circulation is semi-continuous. 

20. The method of claim 1 wherein the circulation is intermittent. 

21 . The method of claim 3 wherein the circulation has a fluid flow rate of 1 to 
20 lOOml/min. 

22. The method of claim 1 wherein the oncotic agent comprises a plasma 
protein or a plasma extender composition. 

23. The method of claim 1 wherein the oncotic agent comprises albumin. 

24. The method of claim 1 wherein the oncotic agent comprises a dextran. 
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25. The method of claim 1 wherein the amount of oncotic agent is sufficient to 
create an oncotic pressure in the range of 3mm Hg to 25mm Hg. 

26. The method of claim 1 wherein the amount of oncotic agent is sufficient to 
create an oncotic pressure in the range of 10mm Hg to 1 7mm Hg. 

5 27. The method of claim 1 further comprising the step of cooling the synthetic 

cerebrospinal fluid to a subphysiological temperature prior to introducing the fluid into the 
cerebrospinal fluid pathway of the patient. 

28. The method of claim 1 further comprising the step of cooling the synthetic 
cerebrospinal fluid to a temperature between 3 and 36°C prior to introducing the fluid into 

10 the cerebrospinal fluid pathway of the patient. 

29. The method of claim 1 further comprising the step of recirculating the 
synthetic cerebrospinal fluid into the cerebrospinal fluid pathway of the patient after 
withdrawing the fluid from the pathway at a second point in the pathway. 

30. The method of claim 27 further comprising the step of removing at least a 
15 portion of any water present in said withdrawn synthetic cerebrospinal fluid prior to 

returning said cerebrospinal fluid to the patient. 

3 1 . The method of claim 28 further comprising the step of ultrafiltering said 
recirculating synthetic cerebrospinal fluid to remove said water. 

32. The method of claim 1 wherein said synthetic cerebrospinal fluid comprises 
20 a nonaqueous oxygen transfer compound. 

33. The method of claim 1 wherein said synthetic cerebrospinal fluid comprises 
an artificial hemoglobin as an oxygen transfer compound. 

34. The method of claim 30 wherein said synthetic cerebrospinal fluid 
comprises an oxygenated aqueous emulsion of a fluorocarbon. 

25 35. The method of claim 1 wherein neural tissue edema is decreased by 

clearance of mediators of edema from the subarachnoid space. 
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36. An artificial cerebrospinal fluid for treating neural tissue edema, said fluid 
containing a sufficient amount of an oncotic agent to cause dehydration of edematous 
neural tissue contacted by the fluid. 

37. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
5 comprises a plasma protein or a plasma extender composition. 

38. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
comprises albumin or a dextran. 

39. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
comprises a dextrin. 

10 40. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 

comprises carboxymethyl cellulose. 

41 . The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
comprises polyethylene glycol. 

42. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
1 5 comprises glycogen. 

43. The artificial cerebrospinal fluid of claim 36 wherein the oncotic agent 
comprises pluronic acid. 

44. The artificial cerebrospinal fluid of claim 36 wherein said amount provides 
an oncotic pressure of about 3 to 25 mm Hg. 

20 45. The artificial cerebrospinal fluid of claim 36 wherein said amount provides 

an oncotic pressure of about 10 to 17 mm Hg. 

46. The artificial cerebrospinal fluid of claim 36 further comprising a 
nonaqueous oxygen transfer compound. 

47. The artificial cerebrospinal fluid of claim 36 further comprising an 
25 oxygenated aqueous emulsion of a fluorocarbon. 
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